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(54) Digital duplex communication 
system 

(57) A digital duplex communication 
system for data signals having a power- 
versus-frequency spectrum comprising 
two side bands located on each side of 
a symbol frequency, the system com- 
prising a transmitter/receiver which in- 
cludes an echo canceller (4). The re- 
ceived signal is sampled at a multiple of 
the bit rate and comprises in each 
symbol period a first time during which 



data is valid (true eye 30) and a second 
time during which data is invalid (false 
eye 31 ). The receiver (2) includes circuit- 
ry to decode the data from the sampled 
signal during the true eye. 

The echo canceller (4) is designed to 
be operative only during the sampling 
instant in the true eye (30) and at one of 
the zero crossing instants in each bit 
period. Thus the echo canceller is oper- 



(57) continued overleaf... 




The drawing(s) originally filed was/were informal and the print here reproduced is taken from a later filed formal copy. 



ative at the instants X, and t 2 but not at 
the instants t 3 and t; when no informa- 
tion is being extracted from the re- 
ceived signal. This enables the storage 
capacity of a look-up table type echo 
canceller to be reduced and the proces- 
sing speed of a transversal filter type 
echo canceller to be reduced. 
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SPECIFICATION 

Digital duplex communication system 

5 The invention relates to a digital duplex communication system for data signals having a power-versus- 5 
frequency spectrum comprising two side bands located one each side of a symbol frequency, the system 
comprising a transmitter/receiver including an echo canceller, the received signal being sampled at a 
multiple of the bit rate and comprising in each symbol period a first time during which data is valid and a 
second time during which data is invalid, the data being decoded from the value of the sampled signal 
10 during the first time. 10 
Such a system is described in U.K. Patent Application No. 8133687 (PHB 32830) in which the received 
signal, which is encoded according to the WAL2 code, is sampled at four times the bit rate and the echo 
canceller produces an echo replica at each sampling instant which replica is subtracted from the received 
signal. The received signal produces an eye diagram having a true eye which corresponds to the first time 
15 during which data is valid and a false eye which corresponds to the second time during which the data is 15 
invalid. An ambiguity detector such as that disclosed in U.K. Patent Application No. 204801 6A is included in 
the receiver to detect which is the true eye so that the data may be extracted from the true eye only. 

In the system described in the first aforementioned patent application the echo canceller has to produce 
echo replica signals at four times the bit rate thus increasing the speed at which a transversal filter type 
20 canceller has to operate or increasing the storage capacity needed in a look-up table type canceller. 20 
It is an object of the invention to provide a system in which the speed requirements of a transversal filter 
type echo canceller or the storage requirements of a look-up table type echo canceller are reduced. 

The invention provides a digital duplex communication system as described in the opening paragraph 
characterised in that the echo canceller is inoperative when the received signal is sampled during the second 
25 time. 25 
Since the signal during the false eye is not used to detect the data received it is unnecessary to correct the 
signal during the false eye. In theory it is only necessary to correct the received signal at the sampling instant 
which coincides with the centre of the true eye but in practice it may be necessary to correct the signal at 
other instants in order to detect zero crossings to enable clock extraction. If however clocking information 
30 can be derived other than from the received signal it would then be possible to correct the received signal 30 
only at the centre of the true eye. In that case the required storage capacity of a look-up table type echo 
canceller may be reduced by 75% and the required operating speed of a transversal filter type echo canceller 
may be similarly reduced. 
A system in which the received signal is sampled four times in each symbol period, the third time 
35 corresponding to a zero crossing of the signal between the first and second times and the fourth time 35 
corresponding to a zero crossing of the signal between the second time of one symbol period and the first 
time of the succeeding symbol period, may be characterised in that the echo canceller is inoperative at the 
second and fourth times. 

This will enable zero crossing information to be extracted from the received signal so that the receiver 
40 clock can be derived from the received signal yet still enable a 50% reduction in the required storage capacity 40 
of the look-up table or in the processing speed requirements of a transversal filter type echo canceller. 

An embodiment of the invention will now be described, by way of example with reference to the 
accompanying drawings, in which :- 
Figure 1 shows in block schematic form a transmitter/receiver for use in a communication system 
45 according to the invention, 45 
Figure 2 illustrates the WAL2 codes corresponding to a binary one and binary zero. 
Figure 3 shows an eye diagram produced/from a received signal encoded according to the WAL2 code, 
Figure 4 shows an embodiment of an echo canceller suitable for use in the transmitter/receiver shown in 
Figure 1 and its connection to the transmitter and receiver, 
50 Figure 5 shows an embodiment of an address generator for use in the echo canceller shown in Figure 4, 50 
and 

Figure 6 shows an embodiment of a subtracter for use in the echo canceller of Figure 4. 
Figure 1 shows a transmitter/receiver for use in a communication system which comprises a transmitter 1, 
a receiver 2, a hybrid network 3, an echo canceller 4, and a subtracter 5. The signal to be transmitted is fed 

55 from the transmitter 1 via a path 6 to the hybrid network 3 and via a path 7 to a first input of the echo 55 
canceller 4. The hybrid network 3 causes the signal to be transmitted to be coupled to a transmission path 8 
while minimising the magnitude of the transmitted signal fed to the receiver 2. Hybrid networks however do 
not provide sufficient isolation between the transmitter 1 and receiver 2 to enable reliable duplex data 
transmission to be achieved. In order to reduce still further the proportion of the signal to be transmitted 

60 which is fed back to the input of the receiver 2, the echo canceller 4 is connected across the analogue hybrid 60 
network 3 to increase the isolation between the transmitter and the receiver to an acceptable level. It does 
this by testing for correlation between the transmitted and the received signals and producing an output, the 
echo replica, which when subtracted from the received signal minimises this correlation. The signal to be 
transmitted is fed to the echo canceller 4 via a line 7 while the received signal is fed to a first input of the 

65 subtracter 5 via a line 9. The output from the echo canceller 4 is fed to a second input of the subtracter 5 via a 65 
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line 11. The subtracter 5 subtracts the signal produced by the echo canceller 5 from the received signal and 
its output is fed to the receiver 2 via a line 1 0 and to the echo canceller 4 via a line 1 2. 

The echo itself can be divded into two parts: near-end echo and distant or line echo. The near-end echo is 
due to the direct leakage of the transmitted signal into the receiver because of the poorly balanced hybrid 
5 network, and the line-echo is due to impedance discontinuities in the two-wire circuit. The distant echo is 5 
normally much smaller in magnitude than the former and its main significance is its delayed arrival. The 
level of the near-end echo can be as great as -10dB, relative to the transmitted signal level, so that on long 
connections when the level of the received far-end signal can be -40dB relative to the transmitted signal 
level, the interfering echo signal can be 30dB stronger than the wanted signal. If it is assumed that a 30% 

10 closure of the eye is tolerable for a 2-level digital system, the wanted signal must be 10dB stronger than the 10 
interfering signals. On this basis, and with some allowance for the line echo, an echo-canceller capable of 
providing between 40 to 50 dB echo suppression is desirable. 

The maximum echo length with which the canceller will be required to cope is determined by the line 
echoes. Hence the maximum possible echo length is the round trip time for the signal for the longest line 

15 connection. However, not all line echoes need to be cancelled. For instance, the reflections from the far-end 15 
equipment on long connections do not need to be considered since these will have been attenuated by more 
than twice as much as the wanted signal and are therefore unlikely to cause any problem. A simple criterion 
which may be used to determine the 'significant echo length' is that the line echoes arriving at the receiver 
which are more than 10dB below the wanted signal level may be ignored. To proceed further with this 

20 argument the length of the longest connection needs to be known. 20 
If it is assumed that the system is designed to allow subscribers within 5 km of their local exchange to be 
reached at 96 kbit/s using the WAL 2 code and that at a frequency of 96 kHz the line attenuation is 
approximately 8 dB/km then only echoes from the first 2.8 km need be considered as significant even with a 
reflection coefficient as high as 0.5. At lower frequencies the fine attenuation is lower and the significant 

25 echo length longer. However, with a code such as WAL 2 the energy at low frequencies is very small. An 25 
echo length of about 30^s corresponding to a 3 km line length is therefore considered to be sufficient for the 
system as described. 

The convergence time is the time it takes the echo-canceller to produce a sufficiently accurate echo replica. 
It depends on various factors which include adaption algorithm used, degree of echo suppression required, 

30 maximum length of echoes expected, correlation between the digital signals transmitted from the two ends 30 
and the rate of transmission. In general, a convergence time of less than a second is normally acceptable. 
Even after the convergence time the echo-canceller should continue to adapt so as to respond to slow 
changes in the line characteristics due to, for example, temperature variations. 
As shown in Figure 4 the data to be transmitted by the transmitter 1 is fed also to an address generator 40 

35 which applies address codes to the address inputs of a Random Access Memory (RAM) 41 via a highway 42. 35 
The data outputs of the RAM 41 are connected to inputs of a latch circuit 43 via a highway 44, the outputs of 
the latch circuit 43 being applied to the inputs of a digital to analogue converter (DAC) 45 via a highway 46 
and to a first set of inputs of an adder circuit 47 via a highway 48. The output of the DAC 45 is fed via the line 
1 1 to the second input of the subtractor 5 while the received signal is fed via the line 9 to the first input of the 

40 subtractor 5. The output of the subtractor 5 is fed via the line 10 to the receiver 2 and via the line 12 to a 40 
second set of inputs of the adder circuit 47. The receiver 2 includes an ambiguity detector 50 which produces 
an output on line 51 which indicates the time during which the true eye is present, this indication being 
applied to the address generator 40. The output of a clock signal generator 52 is connected to the address 
generator 40 via a line 53 and to a delay circuit 54 via a line 63. The output of the delay circuit 54 is connected 

45 to a clock input of the latch circuit 43 via a line 55 and to the input of a further delay circuit 56 via a line 57. The 45 
output of the delay circuit 56 is connected to a further input of the subtractor 5 via a line 58. 

The principle of operation of the look-up-table type adaptive echo-canceller shown in Figure 4 is basically 
to store digital replicas of all possible echoes and to use these when required to nullify the echoes. As the 
received echoes are correlated to the transmitted data, the transmitted data can be used to form an address 

50 which points to the appropriate memory location where an echo-replica of the particular bit sequence 50 
transmitted is stored. The content of the RAM 41 is converted by the digital to analogue converter (DAC) 45 
to an analogue voltage before being subtracted in the subtractor 5 from the received signal. The adder circuit 
47 gives the system a self-adjusting capability using the output of the subtractor as a control signal to update 
the memory content so as to minimise the difference between the replica and the actual echo. 

55 As shown in Figure 4 the input signal to the address generator 40 is the original input data sequence of the 55 
transmitter 1 . This considerably simplifies the address logic which would otherwise have to undo at least 
some of the processing done by the transmitter. However, since the transmitter now forms part of the echo 
path, good performance can only be expected if the transmitter is linear. If it includes some non-linear 
operations, such as scrambling, then to obtain the best performance, it must be divided into a non-linear and 

60 a linear portion, and the input to the address generator 40 taken from the output of the non-linear portion. 60 
The maximum echo length with which the canceller can cope is determined by the width of the address. It 
has been found that for a bit rate of 96 kbit/s an echo length of 30 ns is normally sufficient to account for line 
delay. The increase caused by the transmitter, the hybrid and any filters that may be necessary between the 
hybrid coupler and the subtractor is uncertain since it depends on the design of these networks. For every 

65 10.4ns increase in echo length the address width must be increased by one bit (thus doubling the memory 65 
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size). If the maximum echo length is not taken into consideration not only will these echoes not be fully 
cancelled but also the accuracy of the echo replicas will be effected. For the currently considered case, if an 
increase of about 10^ is assumed the address width will be 4 bits. This latter figure must be increased by 
Log 2 R, if the received signal is sampled R times in each data bit interval. For WAL 2 code, for example, the 
5 Nyquist sampling rate is four times the bit frequency so that the total address width in this case will be 6 bits. 5 
A number of algorithms for minimising the mean square error are available examples of which have been 
discussed for example in a paper by N.A.M. Verhoecks, H.C. van den Elzen, F.A.M. Snijders, and P.J. van 
Gerwen published in IEEE transactions on Acoustics, Speech, and Signal Processing, Volume ASSP-27, No. 
6, December 1979 at pages 768 to 781 and entitled "Digital Echo Cancellation for Baseband Data 

10 Transmission", the contents of which are incorporated herein by reference. In choosing the right algorithm a 10 
compromise has to be made between convergence time and the attainable minimum mean square error on 
one hand and hardware complexity on the other. In the adaptive echo-canceller shown in Figure 4 the 
simplest algorithm, known as the sign algorithm, has been chosen. Thus only the sign of the subtractor 
output is used in the adaption process; one bit being added to or subtracted from the relevant memory 

15 location depending on whether the sign is positive or negative. 15 
At the start of adaption this may mean a slow convergence process. However, once convergence has been 
achieved the echo-replica will not wander by more than a few DAC steps from the echo value. In the absence 
of far-end transmission convergence will be to ±1 step of echo level. In the presence of far-end transmission, 
convergence occurs as before to the point when the residual echo at the output of the subtractor becomes 

20 just smaller than the wanted signal. The sign of the control signal is then determined by the wanted signal so 20 
that no further information on the echo component can be extracted. In this case, therefore, the system 
converges to give a wanted signal to residual echo ratio of OdB. The solution to this problem is not to have a 
fixed threshold comparator to determine the sign of the control signal but to shift the threshold randomly 
between the peak-to-peak wanted signal level. This "dither effect" enables the echo to be suppressed to a 

25 level well below the wanted signal. 25 
The word length of the digital to analogue converter depends on two main factors: the acceptable 
residual-echo level in relation to the wanted signal and the maximum echo suppression required. If an 
echo-suppression ratio of Y is required and a residual-echo level of mVs (peak) is acceptable, V 8 being the 
DAC step sizes, then the word length W is given by: 

30 30 

""^^ " 

35 ° r 35 
W = log 2 2mY 



The residual-echo distribution for the sign algorithm is binominal and given by: 
Pm = 2aC a+ m 2 2a (m = 0, ± 1, ± 2 ± a) 



40 1 40 



where 

45 45 

a = ^ 

3 v s 



50 V T being the peak value of the signal used for threshold dithering. If residual-echo levels above no- V s (cr 50 
being the standard deviation of the residual-echo distribution and n a positive integer) can be ignored on the 
grounds that the probability of their occurring is small (e.g. p (|m|>4a) - 1 x 10" 6 ), then 

W = log 2 2n<rY 

55 55 
Thus, if the smallest wanted signal S(k) is 30 V s then for residual-echo within four standard deviations an 
echo suppression of about 42 dB for 1 2 bit DAC, or 54 dB for 14 bit DAC can be achieved assuming that using 
automatic gain control. 

60 V T = S(k) + aV s 60 

The memory word length is, of course, the same as the DAC word length. Hence if a 1 2 bit DAC is 
considered sufficient then the required RAM size is 64 words of 12 bits. 
For 96 kbit/s WAL 2 coded data a clock frequency of 384 kHz is needed. This may be the same as the 
65 transmitter clock. A major factor in the timing of the various circuits is the propagation delay around the 65 
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SSK^S^* 1 !?*?^!? in ^ w IO °, P *"? en0U9h t0 9ive 3 P ro P a g^ion delay of less than one 
!lml „- ?' * S. .u 9 a " updatin 9 of 3 9iven memory location can be performed in the 

t?me of aboJt t^V*™ ^ held> Usi " 9 a fast bipo,ar RAM ' a DAC with a conve^ion 

time of about 1 ,*s. fast settling operational amplifiers and low-power Schottky TTL logic circuits a looo delav 
5 of less than 2„s is possible. Thus a given memory location can be read and updated wfthin one clock Period 
This makes the tuning of the various circuits far easier than would otherwise be the S P 
one clock o^nH^nth " 86 tne " !* ma V. not be P° ssfb| e to read and update a given memory location within 
^ CaS6 ' 3 b,d,rectlonal Parallel-in parallell-out shift register can be used so that after 

reading data from one memory location the preceding location can be addressed and updated As the clock 
10 period decreases the address width may also have to be increased "Poatea. as the clock 

loafcaM mKSI^S l. he H f p rm ° f S" ^ AL - 2 transmission ^re 2C showing the WAL 2 equivalent of a 
.J Zl w 9 J and F '9 ure 2d showing the WAL 2 equivalent of a logical '0' (Figure 2b). Figure 3 shows 
an eye diagram produced by an input signal encoded according to the WAL 2 code. ?he diagran? havinq a 

15 he stan^dunn n ££ ^ 31 " °^ " U M eve and inva,id duri "9 the false l"e By sampMng 

1™ Inir^T? • ^ e . 6y ?' p r eferab, V at the time t, which gives the maximum amplitude signal, the 
occurrence of a logical 'Tor logical '0' in the original signal transmitted can be detected. Sampling durina 
he false eye 31 w.ll not enable the original data to be decoded. It has now been recognised that it is 9 
unnecessary to cancel echoes occurring during the time corresponding to the false eye such as those 

20 SZTST t 6 mStant t3 SinC9 thSre 18 n ° informa «on content* the s?gna. at that time and, at leasttn . 
20 theory it is not necessary to cancel errors at the instants t 2 and u of the zero crossings of the sional This 

^H^S 1 ? % , Wh ' f the operational speed of transversal filter type echo canceller may be similarly 

P °!- " maV b ! necessarv to deri ve clocking information from zero crossing instants \n which 
case echo cancellation would be needed at either the instant t 2 or the instant t». 

oni?fh m f m0fV S '? e ^ r8dUCed ° r the eoho-length capability Increased by making use of the fact that 
Sses tne Zl ZV!^^ * deC ° d9 ^ transmitted ™ ssa ° a - ™e clock recovery circuit in the Sr 
« the ShUSSTn^ ^ Ti° SSm9 succeedfn 9 Consequently echo-cancellation is not really necessary 
instant are ZlJLT^n'J ^ T™?* be ha ' Ved - The ambi 9"ity as to which two of the four 

™ ho ! needed can be resolved at the expense of convergence time. Alternatively, the memory size can 

30 be left unchanged, the echo-canceller started as it is and after convergence the address lineTorTespo^na to 

bitTnce."er * * ^ m ° r6 data bit S ° that cance,,er effective 'V becomes a "v! " 

R„ F , i ?™7 S -rt! n wS ShOW 9reater deta " the addre ss generator 40 and the subtractor 5 respectively, shown in 
« 9 ^ The addres u s aenemtor 40 comprises a 4 bit shift register 70 to which the transmitted binarJdate"s 

lau SfntTo LT a the " n ^ 9 - S ^ ift re9iSter has four P aral,el ou tPuts °" » na * A1 to A4 which a£ 

th WAL 2 ^""t^ 9 transmitted - Since we are assumi "9 that the data is encoded to form 
^T 1 2 transmission code it is necessary to sample the received signal at four times the transmitted bit 

rate. 1 1 „ also necessary to produce echo replicas atthat rate if the received signal isto be correct laTeach 
40 driven IIT i "L Pn ° r cancel,e ' s two further address line! have been Provided whkh are 

40 driven by the clock generator 52 to give the four sampling periods per bit period. However in the present 

iSZSSSr" W H T£ n,V WiSh t0 C ° rreCt the received sional duri "9 the *™ a V a . o « oneSr 
SiSSS^tSS^^^t ' S 9enerat6d fr ° m the dOCk Si9nal on line 53 by maans of a b ' nar Y divider 71 
!h« S2iff 9 !? u ' 6 C ' OCk fret l uenc y- A fur ther output 72 of the divider 71 which is at a quarter of 

4B 7?.2?v ^ ? uen J^ and hence at the binary data rate is fed to the clock input of the shift register 71 vS a |? ne 
onZe 53 ill?, 7 ! An °! an AND 9ate 74 ' a second input °f which is connected to the dock SgS 

connected 2 ^^M 41° Jl"? - ' C l ft !! m * he ° UtpUt ° f tha AND gate 74from the highway 42 which is 
nn^in J^c k • ^ ^ ' s, ? na,s on *» lines AO to A4 forming the address for the RAM 41 and the signal 
ZnZ « 3 C il P , 6nable Si ? na ' S ° that the address to the RAM 41 fe on| V effective when both the dock 

50 Th?. IS iSr the ^"arter frequency clock signal on line 75 are present, i.e. twice in every bit perk>d 

sTmn ?„„^I1 8 h 3 K Sd 31 the inStantS 11 and ta (Fl9Ure 3) so that the echo cancel| ar is effective at the 

filtt? ST^mS^nr^ 8 S V btractor 5 comprises a subtractor 80. a sample and hold circuit 81 . a low pass 
SB 2 SIS h j^Z LT 'r S ' 9na , 9 enerator 84 - a la tch circuit 85, and a delay circuit 86. The received signal 
55 on line 9 and the echo replica on line 1 1 are connected to first and second inputs of the subtractor 80 which 

ZS^ZXTSZ" 9 ^ pr °P° rtional to the diffe ™<* b atween the received signal and the echo 
J "L? e ° Ut , PUt °l the subtrac tor 80 is fed to the sample and hold circuit which under the control of the 
ft! 1Z 9 °^ ,,ne a f S ! mp ' eS the ° Utput of the a« b tractor 80 and applies the sampled signal to the XpuJoff 
bo Iiri °^t Pa h S lt6r - 82 ^ 3 ^ St inpUt ° f thB aerator 83. The output of the low pass filter 82 is fed Wa 
60 line 1 0 to the receiver 2. The signal generator 84 produces a signal having a triangular waveform havinq a 

taS^TST 13kHZ . and J" amPlltUdS a PP roximata| Y to the peak to peak ampHtude of 
JILT ? 2T^ ° * 6 S ' gnal P roduced b V signal generator 84 is applied to a second input of the 
SJc^n r the comparator 83 is connected to a latch circuit 85 into which it is docked by 

65 led 6 STthe fine « ffc Tdde^!'" 16 ^ " det8rmlned bV d6,aY ^ 8a The ° UtpUt ° f the ,ateh 85 is 



10 



15 



20 



25 



3Q 



35 



40 



45 



50 



55 



60 



65 



5 



GB2 123 258 A 5 



The echo canceller shown in Figures 4, 5 and 6 operates as follows. Data to be transmitted by the 
transmitter 1 is fed also to the address generator 40 and causes a word in the RAM 41 to be addressed, the 
word addressed being dependent on the sequence of data bits to be transmitted, in this case the last four 
bits. These bits are read in serially to the shift register 70 and are read out in parallel on lines A1 to A4. The 

5 fifth bit of the address is available on line AO from the frequency divider 71 . The RAM 41 is enabled by the 5 
signal on line CE which occurs at the instants ti and t 2 and is generated by the combination of the clock signal 
on line 53 and a signal on line 75 at one quarter of the clock frequency. The true eye detector 50 produces an 
output on line 51 which resets the frequency divider 71 to a given state when the true eye is detected to 
ensure that the RAM 41 is enabled at times t, and t 2 rather than times t 3 and t* The output of the RAM 41 is 

10 passed via the highway 42 to the latch circuit 43 where it is captured under the control of the clock signal on 10 
line 55. The output of the latch circuit 43 is passed via the highway 46 to the DAC 45 where it is converted to 
an analogue signal for application via the line 1 1 to the subtractor 5. The output of the latch 43 is also passed 
via the highway 48 to the first set of inputs of the adder circuit 47. The echo replica, which is the signal on line 
11 from the DAC 45 is subtracted in the subtractor 80 from the received signal on line 9. The output of the 

15 subtractor 80 is fed to the sample and hold circuit 81 which operates under the control of the clock signal on 15 
line 58. The output of the sample and hold circuit 81 is fed via the low pass filter 82 and the line 10 to the 
receiver 2 and to one input of the comparator 83. The output of the signal generator 84 is connected to the 
other input of the comparator 83 and the state of the output of the comparator 83 is captured by the latch 85 
at a time determined by the clock signal on line 58 delayed by the delay circuit 86. The output of the latch 85 

20 is fed via the line 12 to the second set of inputs of the adder circuit 47 and causes adder to produce an output 20 
which is equal to the number on the first set of inputs increased or decreased by one depending on whether 
the output of the sample and hold circuit 81 is greater than or less than the output of the signal generator 84 
at the instant the output of the comparator 83 is clocked into the latch 85. 
The timing of the various operations described is as follows. At the start of a clock cycle the RAM 41 is 

25 addressed and the output is latched after a first delay period which allows the addressed data to appear on 25 
the highway 44. After a second delay period the output of the subtractor 80 is captured by the sample and 
hold circuit 81 this delay being sufficient to allow the DAC 45 to convert the digital echo replica from the 
output of the latch 43 into an analogue signal and to allow the subtractor 80 to settle. After a third delay to 
allow the comparator 83 to compare the outputs of the sample and hold circuit 81 and the signal generator 

30 84 the output of the comparator 83 is captured by the latch 85. The adder circuit 47 then produces an output 30 
which is equal to the data on its first set of inputs incremented or decremented by one which is then read into 
the RAM 41 . This last operation is preferably completed during the address period i.e. between the instants t! 
and t 2 in order to simplify the addressing of the RAM 41. 
Various modifications may be made to the echo canceller shown in Figure 4 without departing from the 

35 scope of the invention. For example, other adaption algorithms may be used some of which are shown in the 35 
paper by N.A.M. Verhoecks and others referred to hereinbefore. Also, as discussed in that paper, the echo 
canceller may be arranged for digital subtraction or sampled data subtraction as alternatives to the analogue 
subtraction shown. 

Although the embodiment of the invention has been described with reference to a look-up table type' echo 
40 canceller it is also applicable to transversal filter type echo cancellers. However, in order to reduce the 40 
processing speed requirements when correcting errors at successive sampling instants such as t-, and t 2 it is 
necessary to store the subtractor output before application to the adaption means so that each correction 
may take place over half the bit period. 
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1 . A digital duplex communication system for data signals having a power-versus-frequency spectrum 
comrising two sidebands located one each side of a symbol frequency, the system comprising a 
transmitter/receiver including an echo canceller, the received signal being sampled at a multiple of the bit 

50 rate and comprising in each symbol period a first time during which data is valid and a second time during 50 
which data is invalid, the data being decoded from the value of the sampled signal during the first time 
characterised in that the echo canceller is inoperative when the received signal is sampled during the second 
time. 

2. A system as claimed in Claim 1 , in which the received signal is sampled four times in each symbol 

55 period, the third time corresponding to a zero crossing of the signal between the first and second times and 55 
the fourth time corresponding to a zero crossing of the signal between the second time of one symbol period 
and the first time of the succeding symbol period, characterised in that the echo canceller is inoperative at 
the second and fourth times. 

3. A system as claimed in Claims 1 or 2, in which the echo canceller is of the look-up table type. 

60 4. A system as claimed in Claim 3, in which the memory contents at the addressed portion of the look-up 60 
table is incremented or decremented by one depending on the sign of the residual echo. 

5. A digital duplex communication system including an echo canceller substantially as described herein 
with reference to Figures 1 to 4 or to Figures 1 to 6 of the accompanying drawings. 
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